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Background: BCL9 enhances p-catenin-mediated transcriptional activity regardless of the muta- 
tional status of the Wnt signaling components and increases the cell proliferation, migration, inva- 
sion, and metastatic potential of tumor cells. The goal of this study was to elucidate the prognos- 
tic significance of BCL9 protein expression in hepatocellular carcinoma (HCC) patients. Methods: 
We evaluated BCL9 protein expression by immunohistochemistry in tumor tissue from 288 pri- 
mary HCC patients who underwent curative hepatectomy. The impact of BCL9 expression on the 
survival of the patients was analyzed. The median follow-up period was 97.1 months. Results: 
Nuclear BCL9 protein expression was observed In 74 (25.7%) of the 288 HCCs. BCL9 expression 
was significantly associated with younger age (p= 0.038), higher Edmondson grade (p = 0.001), 
microvascular invasion (p = 0.013), and intrahepatic metastasis (p = 0.017). Based on univariate 
analyses, BCL9 expression showed an unfavorable influence on both disease-free survival (DPS, 
p = 0.012) and disease-specific survival (DSS, p= 0.032). Multivariate analyses revealed that high- 
er Barcelona Clinic Liver Cancer stage was an independent predictor of both shorter DPS (p< 
0.001) and shorter DSS (p<0.001). BCL9 expression tended to be an independent predictor of 
shorter DPS (p = 0.078). Conclusions: BCL9 protein expression might be a marker of shorter DPS 
in HCC patients after curative hepatectomy. 
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Hepatocellular carcinoma (HCC) has a poor prognosis and 
surgical resection improves the survival rates for patients. How- 
ever, the prognosis after surgical reseaion of HCC remains grave 
because of a high rate of recurrence.''^ It is critical to determine 
which individual patients need adjuvant therapy in order to 
prevent tumor recurrence after surgical resection. Although 
there are many reports on histologic parameters for predicting 
HCC prognosis, molecular markers for HCC recurrence and 
prognosis could provide additional information.' 

BCL9 was identified as a gene overexpressed in a precursor- 
B-cell acute lymphoblastic leukemia cell line with t(l;l4)(q21; 
q32) translocation'' and it is involved in the Wnt/(3-catenin sig- 
naling pathway by mediating the recruitment of pygopus to 
the nuclear (3-catenin-TCF complex.^ Upregulation of the Wnt/ 
(3-catenin signaling pathway appears to play an important role 
in the development or progression of certain cancers, including 
colorectal cancer and HCC.^ Deregulated expression of (3-catenin 
leads to the stabilization of (3-catenin and the stabilized (3-catenin 
translocates into the nucleus, where it can serve as a transcrip- 
tional factor through binding with the TCF transcriptional fac- 



tor' BCL9 enhances the (3-catenin-mediated transcriptional ac- 
tivity regardless of the mutational status of the Wnt signaling 
components and increases the cell proliferation, migration, in- 
vasion, and metastatic potential of tumor cells, while knocking 
down BCL9 increases the survival outcomes among xenograft 
mouse models of multiple myeloma and colon cancer* Brem- 
beck et al? reported that the highly up-regulated BCL9-2 pro- 
tein was found in almost all of the human colorectal carcinomas, 
independently of the occurrence of metastasis. A copy number 
gain on Iq is frequently observed in HCCs.'"''' The BCL9 gene 
is located at chromosome lq21 and the regional chromosomal 
gain represents a primary mechanism in the activation of proto- 
oncogenes during HCC progression.'^ However, the prognostic 
significance of BCL9 in HCC remains uncertain. 

In the present study, we evaluated BCL9 protein expression 
by immunohistochemistry in order to elucidate the prognostic 
significance of BCL9 in HCC patients with long-term follow- 
up and extensive information on the clinicopathologic charac- 
teristics. 
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MATERIALS AND METHODS 

Patients and tissue samples 

Primary HCC tissues were collected from 288 patients who 
were treated with curative hepatectomy at Samsung Medical 
Center, Seoul, Korea from July 2000 to May 2006 (237 males 
and 51 females). We defined curative resection as complete re- 
section of all tumor nodules with clear microscopic resection 
margins and no residual tumors as indicated by a computed to- 
mography scan one month after surgery. The diagnosis was 
confirmed by histologic examination in all patients. The Insti- 
tutional Review Board of Samsung Medical Center approved 
this study. The patients' ages ranged from 17 to 76 years with 
an average of 52.6. Two hundred and eighteen (75.7%) patients 
were infected with hepatitis B and 30 (10.4%) with hepatitis C. 
No viral marker was recognized in 40 (13.9%) patients. None 
of the patients had received preoperative chemotherapy, transar- 
terial chemoembolization, or radiofrequency ablation. Tumor 
differentiation was graded histologically according to the crite- 
ria of Edmondson and Steiner.'^ Microvascular invasion was 
considered present when at least one or more endothelial cells 
or the tunica media of the vessel surrounded a neoplastic cell 
group. Intrahepatic metastasis and multicentric occurrence were 
defined according to the previously reported criteria.''' Briefly, 
intrahepatic metastasis is defined as: 1) portal vein tumor throm- 
bi or cancer lesions that have putatively proliferated from a tu- 
mor thrombus, 2) groups of cancer lesions that are most abun- 
dant adjacent to the largest main lesion and decrease in number 
with distance from the main lesion, or 3) small solitary cancer 
lesions located adjacent to the largest main lesion and of the 
same histological type that are definitely smaller than the main 
tumor and differentiated to the same degree or less differentiat- 
ed than the main lesion. Multicentric occurrence is defined as: 
1) adenomatous hyperplasia or early HCCs that preserve the ex- 
isting liver architecture, 2) well differentiated HCCs found at 
the edge of moderately or poorly differentiated cancer tissues, or 
3) multiple HCC lesions that cannot be classified as metastasis 
based on the above criteria. Tumor stage was determined accor- 
ding to both the American Joint Committee on Cancer (AJCC)'^ 
and the Barcelona Clinic Liver Cancer (BCLC) staging classifi- 
cation.''' 

Patients were followed by monitoring serum a-fetoprotein 
levels and three phase dynamic computed tomography scans 
every three months after surgery. Magnetic resonance imaging 
was used in order to confirm tumor recurrence in suspected cas- 
es. The median follow-up period was 97.1 months (range, 40 to 
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126 months). Disease-free survival (DPS) was defined from the 
date of resection until the detection of tumor recurrence. We 
chose HCC-related mortality (disease-specific death) as the clin- 
ical endpoint for survival analysis, defined by Hoshida et al. as: 
1) tumor occupying more than 80% of the liver, 2) portal ve- 
nous tumor thrombus proximal to the second bifiarcation, 3) 
obstructive jaundice due to the tumor, 4) distant metastases, or 
5) variceal hemorrhage with portal venous tumor thrombus 
proximal to the first bifurcation. Disease-specific survival (DSS) 
was defined from the date of resection to HCC-related death. 
Tumor recurrence was detected in 189 (65.6%) patients and 99 
(34.4%) patients died of HCC. Thirty of the 129 deaths in this 
study were due to non-HCC causes. 

Tissues with dysplastic nodule (DN), which is a precancerous 
lesion of HCC (n = 28), were included and DNs were subdivid- 
ed into low-grade DN and high-grade DN according to the 
guideline of the International Working Party.'** 

Histologic sections were examined by two pathologists and 
representative tumor regions free from necrosis or hemorrhage 
were marked in formalin-fixed paraffin-embedded blocks. Two 
2.0 mm-diameter tissue cores were punched from the marked 
areas of each block and arranged in recipient paraffin blocks. 
Two cores of normal liver tissue from 12 patients with meta- 
static colonic carcinoma of the liver were included in each array 
block. 

Immunoliistocliemical analysis 

Immunohistochemical staining was performed as described 
elsewhere." Antigen retrieval was performed with 0.01 mol/L 
citrate buffer (pH 6.0) for 30 minutes in a pressure cooker The 
sections were incubated overnight at 4°C with the rabbit poly- 
clonal antibody to BCL9 (ab37305, 1:100, Abeam Inc., Cam- 
bridge, MA, USA). The positive control (human colon carcino- 
ma) showed intense nuclear BCL9 expression in cancer cells 
while no immunoreactivity was observed in the tissue sections 
used as negative controls, in which the primary antibody was 
replaced by preimmune rabbit serum. In order to validate the 
concordance between the tissue microarrays and whole tumor 
sections, we also detected BCL9 expression for 40 correspond- 
ing whole tumor sections randomly chosen from the 288 cases. 

Immunohistochemical staining was assessed by two indepen- 
dent pathologists (C.K.Park and J.Hyeon) without knowledge 
of the patients' characteristics and any discrepancies were re- 
solved by consensus. The sections were scored by combining 
the proportion and intensity of the stained tumor cells as re- 
ported previously' The proportion of stained tumor cells was 
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determined semi-quantitatively and each sample was scored on 
a scale of 0-3 (0, <5%; 1, 5-30%; 2, 31-60%; 3, 61-100%). 
The staining intensity was classified as 0 (negative), 1 (weak), 2 
(moderate), and 3 (strong). The immunoreactive score of each 
tumor was calculated by multiplication of the scores of the pro- 
portion of stained cells and the staining intensity. Duplicate tis- 
sue cores for each tumor showed high levels of homogeneity for 
both the proportion of stained cells and the staining intensity. 
When there were differences between the duplicate tissue cores, 
the higher score was taken as the total score. 

Statistical analysis 

Statistical analyses were performed using SPSS sofi:ware (SPSS 
Inc., Chicago, IL, USA). The chi-square test and Fisher's exact 
test were used for comparison of the variables. Cumulative sur- 
vival time was calculated by the Kaplan-Meier method and 
compared by the log-rank test. Univariate and multivariate 
analyses were based on the Cox proportional hazards regression 
model, p-values less than 0.05 were considered statistically sig- 
nificant. 

RESULTS 

BCL9 protein expression in HCC 

BCL9 was detected on the cytoplasm in 3-10% of the normal 
hepatocytes with weak or moderate staining intensity. In HCC, 
immunoreactivity for BCL9 was observed in the nuclei of tu- 
mor cells with or without cytoplasmic expression. We regarded 
BCL9 as positive when the total score for nuclear immunoreac- 
tivity was 1-9. BCL9 protein expression was observed in 74 



(25.7%) of the 288 HCCs (Fig. lA). BCL9 expression was sig- 
nificantly associated with younger age (p = 0.038), higher Ed- 
mondson grade (p = 0.001), microvascular invasion (p = 0.013), 
and intrahepatic metastasis (p = 0.017) (Table 1). None of the 
28 DNs showed nuclear immunoreactivity for BCL9 (Fig. IB). 

Tumor recurrence was significantly associated with larger tu- 
mor size (p = 0.011), higher Edmondson grade (p = 0.029), mi- 
crovascular invasion (p = 0.001), major portal vein invasion (p = 
0.038), intrahepatic metastasis (p < 0.001), higher AJCC T stage 
(p< 0.001), higher BCLC stage (p = 0.004), higher a-fetoprotein 
level (p = 0.002), viral etiology (p = 0.004), and liver cirrhosis 
(p = 0.009) (Table 1). 

Survival analysis 

The DFS and DSS rates for the 288 HCC patients were 42.7% 
and 78.2% at three years, 36.3% and 71.4% at five years, 30.1% 
and 67.1% at seven years, and 27.9% and 60.8% at nine years, 
respectively. Based on univariate analyses, larger tumor size, 
Edmondson grade III, microvascular invasion, major portal vein 
invasion, intrahepatic metastasis, higher AJCC T stage, higher 
BCLC stage, lower albumin level, and higher a-fetoprotein lev- 
el showed unfavorable influence on both DFS and DSS. Viral 
etiology and liver cirrhosis showed unfavorable influence on 
DFS. BCL9 expression showed an unfavorable influence on both 
DFS (p = 0.012) and DSS (p = 0.032) (Table 2). The five-year 
DFS rate of the BCL9-positive group was significantly lower 
than that of the BCL9-negative group (24.2% vs 39.2%) (Fig. 
2A). The median DFS of the BCL9-positive group and the 
BCL9-negative group were 9.9 and 23.8 months, respectively. 
The five-year DSS rate of the BCL9-positive group was signifi- 




Fig. 1 . Immunostaining of BCL9 showing nuclear expression in liepatocellular carcinoma (A) and no nuclear expression in dysplastic nodule 
(B) (horseradish peroxidase stain). 
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Table 1 . Correlation of BCL9 expression and tumor recurrence with clinicopathologic features in 288 hepatocellular carcinomas 


Variable 


n 


Tumor recurrence 


p-value 


BCL9 expression 


p-value 


Age (yr) 
<55 

> 00 


165 


114(69.1) 

/ O ^0 1 Xj) 


0.151 


50 (30.3) 

OA M Q R\ 


0.038 


Gender 
Male 

rci 1 idlfc} 


237 

0 1 


154 (65.0) 

qc /CO p,\ 
oO ^Do.DJ 


0.619 


63 (26.6) 

1 1 1 .DJ 


0.457 


Tumor size (cm) 
<5.0 


190 

Oft 


115(60.5) 

1 H [1 O.Oj 


0.011 


48 (25.3) 

ZD (ZD.OJ 


0.816 


Edmondson grade 
1 

III 


30 
63 


20 (66.7) 

1 1 Q /R1 r\\ 
\ 1 y 1 .u) 

50 (79.4) 


0.029 


3(10.0) 

AA 100 P(\ 

27 (42.9) 


0.001 


Microvascular invasion 
{-) 
(+) 


1 OQ 

\ iLa 

159 


1 \ (^00. Uj 

118(74.2) 


0.001 


OA h R f\\ 

50 (31 .4) 


0.013 


Major portal vein invasion 
(-) 
(+) 


275 
13 


177(64.4) 
12(92.3) 


0.038 


68 (24.7) 
6 (46.2) 


0.084 


Intrahepatic metastasis 
(-) 
(+) 


220 
68 


127(57.7) 
62(91.2) 


< 0.001 


49 (22.3) 
24 (36.8) 


0.017 


Multicentric occurrence 
(-) 
(+) 


269 
19 


177 (65.8) 
12(63.2) 


0.815 


71 (26.4) 
3(15.8) 


0.419 


AJCC T stage 
1 
2 
3 


121 
117 
44 

D 


67 (55.4) 
76 (65.0) 
41 (93.2) 

c ion r}\ 


< 0.001 


23 (19.0) 
34(29.1) 
14(31.8) 

q /en r\\ 


0.098 


BCLC stage 
0-A 
B 


164 
109 

10 


95 (57.9) 
81 (74.3) 

1 O ^oD. / } 


0.004 


39 (23.8) 
29 (26.6) 
c (An rw 


0.378 


Albumin level (g/dL) 
>3.5 
<3.5 


258 
30 


166 (64.3) 
23 (76.7) 


0.179 


64 (24.8) 
10(33.3) 


0.312 


AFP level (ng/mL) 
<200 
>200 


173 

104 


102 (59.0) 
80 (76.9) 


0.002 


39 (22.5) 
33 (31 .7) 


0.091 


Etiology 
Non-viral 
HBV 
HCV 


40 
218 
30 


17(42.5) 
150(68.8) 
22 (73.3) 


0.004 


7(17.5) 
60 (27.5) 
7 (25.7) 


0.391 


Liver cirrhosis 
(-) 
(+) 


144 

144 


84 (58.3) 
105(72.9) 


0.009 


35 (24.3) 
39(27.1) 


0.590 



Values are presented as number (%). 

AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; AFP, a-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus. 



cantly lower than that of the BCL9-negative group (61.7% vs 
73.6%) (Fig. 2B). The median DSS of the BCL9-positive group 
and the BCL9-negative group were 63-1 and 86.5 months, re- 
spectively. 

Since tumor size, vascular invasion, intrahepatic metastasis, 
AJCC stage, and serum albumin level were associated with 
BCLC stage, we did not perform multiple analyses with these 
indices in order to avoid potential bias. An evaluation of the 



significant weight of the serum a-fetoprotein level was not per- 
formed due to missing data (n = 277). Based on multivariate 
analyses, higher BCLC stage (p < 0.001), viral etiology (p = 0.022), 
and liver cirrhosis (p = 0.011) were independent predictors of 
shorter DFS. BCL9 expression tended to be an independent 
predictor of shorter DFS (p = 0.078). BCL9-positive patients 
were more likely to suffer from recurrence than BCL9-negative 
patients (hazard ratio= 1.351, 95% confidence interval 0.967- 
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Table 2. Univariate anaiyses of disease-free survival and disease-specific survival in 288 liepatocellular carcinomas 



Variable 




n 


Disease-free survival 


Disease-specific survival 




HR (95% CI) 


p-value 


HR (95% CI) 


p-value 


Tumor size (cm) 


<5.0 
>5.0 


190 
98 


1 .737 (1 .296-2.329) 


< 0.001 


2.952 (1 .987-4.386) 


< 0.001 


Edmondson grade 


l+ll 
III 


225 
63 


1 .856 (1 .340-2.570) 


< 0.001 


2.047(1.338-3.133) 


0.001 


Microvascular invasion 


{-) 
(+) 


129 
159 


2.134 (1 .587-2.869) 


< 0.001 


3.056 (1 .952-4.786) 


< 0.001 


Major portal vein invasion 


(-) 
(+) 


275 
13 


3.905(2.165-7.043) 


< 0.001 


5.530 (2.855-10.711) 


< 0.001 


Intrahepatic metastasis 


(-) 
(+) 


220 
68 


4.624 (3.360-6.364) 


< 0.001 


5.580 (3.729-8.350) 


< 0.001 


Multicentric occurrence 


(-) 
(+) 


269 
19 


1 .340 (0.746-2.409) 


0.328 


0.601 (0.221-1.635) 


0.319 


AJCC T stage 


1 

2+3+4 


121 
167 


2.173 (1 .610-2.934) 


< 0.001 


3.090 (1 .949-4.898) 


< 0.001 


BCLC stage 


0+A 
B+C 


164 
124 


2.141 (1.606-2.853) 


<0 001 


3.732 (2.460-5.661) 


<0 001 


Albumin level (g/dL) 


>3.5 
<3.5 


258 
30 


1.813(1.170-2.809) 


0.008 


2.430(1.418-4.163) 


0.001 


AFP level (ng/mL) 


<200 
>200 


173 
104 


1.604(1.197-2.150) 


0.002 


1 .552 (1 .036-2.324) 


0.033 


Etiology 


Non-viral 
viral 


40 
248 


1.390 (1 .043-1.852) 


0.025 


1 .609 (0.836-3.094) 


0.154 


Liver cirrhosis 


(-) 
(+) 


144 
144 


2.094 (1 .271-3.449) 


0.004 


1.126 (0.759-1.671) 


0.554 


BCL9 expression 


(-) 
(+) 


214 
74 


1 .508 (1 .096-2.075) 


0.012 


1 .589 (1 .042-2.423) 


0.032 



HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; APR a-fetoprotein. 
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Fig. 2. Kaplan-Meier survival curves showing disease-free survival (A) and disease-specific survival (B) for BCL9 expression in 288 hepato- 
cellular carcinomas. 



1.888). Higher BCLC stage (p < 0.001) was an independent pre- 
dictor of shorter DSS. However, BCL9 expression was not an 
independent predictor of DSS (p = 0. 1 1 5) (Table 3)- 



DISCUSSION 

BCL9 is required for Wnt signal transduction at the level of 
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Table 3. Multivariate analyses of disease-free survival and disease-specific survival in 288 hepatocellular carcinomas 



Variable 




n 


Disease-free survival 


Disease-specific survival 




HR (95% CI) 


p-value 


HR (95% CI) 


p-value 


Edmondson grade 


l+ll 
III 


225 
63 


1.298(0.913-1,843) 


0.146 


1.335 (0.847-2.104) 


0.213 


BCLC stage 


0+A 
B+C 


164 
124 


2.279 (1.678-3.096) 


<0.001 


4.034 (2.594-6.273) 


< 0.001 


Etiology 


Non-viral 
Viral 


40 
248 


1.833 (1.092-3.077) 


0.022 


1.509 (0.759-3.001) 


0.241 


Liver cirrhosis 


(-) 
(+) 


144 
144 


1.488 (1.095-2.023) 


0.011 


1.488 (0.971-2.282) 


0.068 


BCL9 expression 


(-) 
(+) 


214 
74 


1 .351 (0.967-1 .888) 


0.078 


1.428 (0.917-2.225) 


0.115 



HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer 

nuclear (3-catemn and to exert its function by physically linking 
pygopus to (3-catenin.^ Kramps et al? reported that wild-type 
cells expressed BCL9/legless protein in the nuclei and the nu- 
clear localization of the BCL9/legless appeared to be essential 
for its signaling activity. Recent reports showed that nuclear 
BCL9 staining was absent in human normal colon mucosa, but 
elevated in human colorectal cancer.* ' In this study, nuclear im- 
munoreactivity for BCL9 was not observed in normal liver or 
DN tissues. BCL9 protein expression might not be an early 
event in HCC carcinogenesis. Recent studies have shown that 
the BCL9-2 protein was significantly up-regulated in human 
colon adenomas compared with normal colon mucosa,' which 
suggests that the deregulation of BCL9 occurs during early stag- 
es of colonic carcinogenesis. In colorectal cancer patients, almost 
all cases showed high BCL9-2 protein expression and it was not 
correlated with overall survival, indicating that BCL9-2 is not a 
predictor for advanced tumor stages in colorectal cancer' 

In the current study, we applied tissue microarrays in order 
to evaluate the prognostic significance of BCL9 protein expres- 
sion in a large cohort of HCC patients and demonstrated that 
BCL9 expression was correlated with higher Edmondson grade, 
microvascular invasion, and intrahepatic metastasis, which sug- 
gest the involvement of BCL9 in the pathogenesis of HCC. Tu- 
mor recurrence was remarkably associated (p < 0.005) with mi- 
crovascular invasion, intrahepatic metastasis, higher AJCC T 
stage, higher BCLC stage, higher a-fetoprotein level, and viral 
etiology. In addition, HCC with BCL9 expression had a lower 
five-year DPS rate than HCC without BCL9 expression and 
BCL9 expression tended to be an independent predictor of shor- 
ter DPS. HCC with BCL9 expression had a lower five-year DSS 
rate than HCC without BCL9 expression. These findings indi- 
cate that BCL9 is a potential new marker of shorter DPS in HCC 
after curative resection and the results could help clinicians iden- 
tify patients at high risk of recurrence. 



This study demonstrates, for the first time, that BCL9 pro- 
tein expression in HCC tissues might be a marker of shorter 
DPS in HCC after curative hepatectomy in a large number of 
HCC patients with long-term follow-up. Patients identified as 
being at high risk of recurrence should be followed closely. Pur- 
ther study is needed in order to examine the mechanism of the 
actions regarding BCL9 protein expression in HCC prognosis. 
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